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ABSTRACT 

Sound  transmission  loss  was  measured  in  surface- 
bounded  channels,  over  reciprocal  paths  southeast  of  Long 
Island  10  to  20  November,  1952.  Sound  pulses  were  used 
on  frequencies  of  1.5,  2,  2. 5,  3,  4.  and  5 kilocycles. 
Results  show  a decreasing  transmission  loss  with  decreas- 
ing frequency,  or  an  average  of  half  a decibel  per  kiloyard 
less  loss  for  1.  5 kc  as  compared  to  5 kc.  Observed  leakage 
out  of  the  channel  was  dependent  upon  channel  depth,  sea 
state,  and  frequency.  Measurements  of  bottom  reflection 
loss  showed  a very  small  dependence  on  frequency  and 
incident  angle.  For  a source  within  the  channel,  the 
greatest  concentration  of  sound  energy  was  found  to  be  in 
the  upper  fifty  feet  of  the  channel  at  long  ranges.  Shallow 
water  measurements  showed  a small  increase  of  trans- 
mission loss  over  surface-bounded  channels  in  deep  water. 


PROBLEM  STATUS 

This  is  an  interim  report  on  one  phase  of  the  con- 
tinuing problem  of  Ocean  Sound  Propagation. 
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MEASUREMENTS  OF  SOUND  TRANSMISSION 
LOSS  AT  LOW  FREQUENCIES  1. 5 TO  5 KC 


INTRODUCTION 

The  success  attained  with  an  experimental  10-kc  long-range  search  sonar  system 
has  led  to  a study  of  echo-ranging  possibilities  at  lower  frequencies.  As  a part  of  this 
study,  measurements  of  transmission  loss  in  surface-bounded  channels  and  by  way  of 
the  bottom- reflected  path  were  made  at  six  frequencies,  1.5,  2,  2.5,  3,  4,  and  5 kc  in 
the  period  10  to  20  November,  1952.  This  paper  is  a report  of  experimental  procedures 
and  the  results  obtained.  Average  values  for  transmission  loss,  channel  leakage,  bottom 
reflection  loss,  and  the  distribution  of  sound  energy  in  and  below  the  channel  are  reported. 


EQUIPMENT 

Duplicate  equipments  were  installed  in  the  USS  ALLEGHENY  (ATA-179)  and  the 
FWSS  ALBATROSS  to  permit  measurements  over  reciprocal  paths.  Figure  1 is  a block 
diagram  of  the  basic  equipment.  In  each  ship,  equipment  consisted  of  a 1-kw  driver  and 
a cylindrical  barium  titanate  transducer,  5 inches  in  diameter,  inside  which  was  housed 
a depth  gage.  A manually  operated  pulser  actuated  transfer  relays,  and  simultaneously 
transmitted  sonar  and  radio  pulses.  Upon  completion  of  a transmitted  pulse,  relays 
returned  both  sonar  and  radio  equipment  to  the  receive  condition.  The  use  of  crystal- 
controlled  oscillators  insured  close  frequency  tolerance  for  transmission  and  for  the 
calibration  of  receiving  equipment.  Receiving  equipment  consisted  of  a 30-cycle- 
bandwidth,  fixed- tuned  receiver  whose  outputs  were  processed  through  a logarithmic 
amplifier,  a rectifier,  and  a dc  amplifier,  and  then  recorded  on  one  channel  of  a Brush 
pen-and-ink  recorder.  The  other  channel  was  used  to  record  radio  pulses.  This  pro- 
cedure made  possible  a continuous  record  of  the  transit  time  of  sonar  pulses,  and  there- 
fore indirectly  the  distance  between  ships.  Transducers  were  equipped  with  500  feet  of 
cable  and  were  lowered  over  the  side  to  any  desired  depth. 

The  beam  pattern  of  the  transducers  was  essentially  omnidirectional.  Maximum 
source  levels  obtained  at  each  frequency  were  as  follows: 

5 . 0 Kc  - 87  db  vs . lpbar  at  1 yard 

4.0  kc  - 81  db  vs.  lpbar  at  1 yarn 

3.0  kc  - 78  db  vs.  lpbar  at  1 yard 

- -•  Y-  ■.  db  . lpb.ll  j;  1 ..III 
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2.0  kc  - 7 4 db  vs.  Ipbar  at  1 yard 
1 . 5 kc  - 71  db  vs.  lpbar  at  1 yard 

The  transducers  were  calibrated  on  the  NRL  sound  barge  before  and  after  operations. 


Fig.  1 - Equipment  block  diagram 


OPERATIONS 

Operations  were  carried  out  at  ten  locations  southeast  of  Long  Island  in  deep  and  in 
shallow  water  (Fig.  2).  At  each  location,  a short-range  (750-1000  yard)  calibration  of 
equipment  was  made.  After  calibration,  one  ship  remained  on  location  while  the  other 
moved  out  in  range  to  successive  stations.  The  direction  in  which  the  range  was  opened 
Is  indicated  by  arrows  from  the  locations  as  shown  in  Fig.  2.  On  each  station  groups  of 
ten  pulses  at  each  of  the  six  frequencies  were  transmitted,  received,  and  recorded  on 
each  ship  for  various  combinations  of  transducer  depths.  Bathythermographs,  fathograms, 
and  other  oceanographic  data  were  recorded  on  each  location. 

Figure  3 is  a typical  example  of  a data  record.  The  record  from  the  ALLEGHENY 
shows  1 -second  time  ticks  on  the  edge  and  on  the  recorder  trace,  ten  outgoing  pings  at 
one  frequency  are  shown.  Nine  pulses  500  ms  in  length  were  followed  by  a tenth  pulse  of 
1-second  duration.  The  long  pulse  indicated  the  end  of  a group  of  pulses  and  was  a signal 
to  the  receiving  ship  to  transmit  a similar  series.  The  second  Brush  recorder  tape 
fFig.  3)  shows  the  same  ten  sound  pulses  and  their  corresponding  radio  pulses  as  received 
on  the  ALBATROSS.  It  Is  apparent  that  two  sound  pulses  were  received  for  each  one  trans- 
mitted. The  first  of  these  traveled  via  the  channel  in  a direct  path  and  the  second  over  a 
longer  path  via  the  bottom.  The  echo  following  each  of  the  transmitted  pulses  on  the 
ALLEGHENY  record  is  from  the  ocean  bottom  directly  beneath  the  transducer. 
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Fig.  3 - Sample  data  record,  range  20  kyds 
ANALYSIS  OF  DATA  AND  RESULTS 

Transmission  Loss  in  Surface -Bounded  Channels  (for  Deep-Water  Locations) 

The  procedure  was  for  the  ALLEGHENY  to  remain  on  location  as  the  ALBATROSS 
opened  the  range  to  successive  stations  in  increments  of  5,  10,  or  in  some  cases  20 
/.yds.  On  each  station,  groups  of  ten  pulses  at  each  of  six  frequencies  were  sent 
by  each  ship.  On  some  stations  this  procedure  was  repeated  with  transducers  at  dif- 
ferent depths. 

Pulses  were  read  and  recorded  to  a range  of  60  kyds  on  location  4 and  to  40  kyds 
on  locations  7 and  9.  Surface-bounded  channels  existed  on  these  stations  as  can  be 
seen  from  typical  bathythermograms  shown  in  Fig.  4.  Channel  depths  were  not  uniform 
over  'hfc.se  ranges,  but  the  variation  was  not  great. 

> .".re  5 is  a plot  of  total  transmission  loss  versus  frequency  between  1000  yards, 

' •'  .nation  range,  and  40  kyds.  A smaller  transmission  loss  was  observed  when 
, ;rvc  avr  receiving  transducer  were  shallow  (30  to  50  feet)  and  the  data  plotted  was  taken 
: . s • ondition.  The  solid  line  in  Fig.  5 is  an  average  of  the  three  locations  and 
0.  I'j  db/kyd  ices  ioss  for  1.5  kc  than  for  5 kc.  The  deeper  channel  shOWB  a smaller 
on  loss.  Although  the  losses  at  different  locations  are  not  equal,  the  slopes  of 
,r  -'re  approximately  the  same.  This  indicated  that,  although  channel  depth  and 
rru  • Ji-hness  affect  the  total  transmission  loss,  the  frequency  dependence  of, this 

he  range-  of  frequencies  reported  is  no!  appreciably  affected  by  these  factors, 
a-  ihi  ■ ■ cm  of  Fig.  5ure  plots  of  the  spreading  loss  and  spreading  loss 
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LOCATION  (4) 


LOCATION  (7) 


LOCATION  (9) 


Fig.  4 - Balhylhermograms  for  locations  4,  7,  and  9 
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plus  absorption.  Cylindrical  spreading  was  assumed  and  absorption  was  calculated 
from  an  extrapolation  of  Leonard’s  data  (Fig.  7}  to  lower  frequencies,  using  the  tempera- 
ture observed  in  the  channel.  Figure  6 is  a plot  of  the  same  data  from  1 yard  to  40 
kyds.  The  level  of  the  outgoing  signal  at  one  yard,  was  taken  from  calibration  data  on 
the  transducer  current.  This  plot  shows  a difference  of  0. 58  db/kyd  between  5 kc  and 
1.5  kc.  The  difference  in  the  plots  of  Figs.  5 and  6 indicates  that  the  transmission  loss 
in  the  first  1000  yards  is  frequency  dependent,  5 kc  showing  an  average  of  4 db  greater 
loss.  Spherical  spreading  was  assumed  out  to  1000  yards.  In  the  past,  calibrations  made 
at  1000  yards  at  higher  frequencies  have  been  consistent  and  have  not  indicated  any  fre- 
quency dependence.  The  absorption  for  the  different  frequencies  used  is  small  for  this 
range,  and  cannot  account  for  the  difference  observed.  Further  measurements  of  trans- 
mission loss  in  the  first  1000  yards  have  already  been  made,  and  will  be  reported  when 
analyzed. 


NOTE:  IMPROVEMENT  l.5kc  over  5kc  * 0.49  db/kyd 


DATE 

A 11-13-52 
G 11-18-52 


CHANNEL 

DEPTH 

220" 

150' 


SEA 

STATE 

1 + 

2 + 


LOCATION 

4 
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NOTE:  IMPROVEMENT  1.5 kc  over  5kc  »0.58  db/kyd 

CHANNEL 
DATE  DEPTH 

A 11-13-52  220"  1+  4 

G 11-18-52  150'  2+  7 


SEA 

STATE  LOCATION 


FREQUENCY  IN  kc 


FREQUENCY  IN  kc 


:p.  S - Total  transmission  loss  from 
k.yd  to  40  kyds  for  loc  ation  s 4 , 7,  and  9 


Fig.  6 - Total  transmission  loss  from 
1 yd  to  40  kyds  for  locations  4,  7,  and  9 


Long  ranges  were  not  obtained  on  locations  2,  3,  and  8.  On  stations  2 and  8, 
channels  were  observed  but  they  were  not  continuous  over  great  enough  range.  Data  was 
taken  to  a range  of  20  kyds  and  transmission  Loss  agreed  substantially  with  that  plotted 
for  station  4.  The  limited  source  level  did  not  permit  long  ranges  on  station  3,  where  a 
very  high  noise  level  accompanying  a state  4 to  5 sea,  made  it  Impossible  to  read 
pulses  beyond  10  kyds.  In  the  deep  channel  at  this  station,  the  transmission  loss  was 
lower  tlian  was  observed  ,n  any  other  locations. 
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Shallow- Water  Transmission  Loss 

Data  was  taken  in  shallow  water  (50  fathoms  and  less)  and  pulses  were  recorded  in 
both  directions  out  to  40  kyds.  Typical  shallow- water  bathythermograms  for  stations 
6 and  10  are  shown  in  Fig.  8.  Transmission  loss  from  1000  yards  to  40  kyds  and  from 
1 yard  to  40  kyds  are  plotted  in  Figs.  9 and  10.  The  total  transmission  loss  over  40  kyds 
was  somewhat  greater  than  was  observed  in  deep  water,  but  the  same  frequency  dependence 
was  observed.  The  increased  transmission  loss  in  shallow  water  is  to  be  expected  since 
there  were  many  reflections  both  from  the  bottom  and  the  surface  in  this  range.  The 
frequency  dependence  of  transmission  loss  is  also  greater  in  shallow  water,  and  is  probabl> 
caused  by  the  higher  loss  experienced  by  the  higher  frequencies.  The  transmission  loss  in 
the  first  1000  yards  was  frequency  dependent  in  much  the  same  manner  as  was  observed 
in  deep  water. 


LOCATION  (6) 


LOCATION  (10) 


Fig.  H Kuthytisf rrnogr arris  for  locations  6 and  10 
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NOTE:  IMPROVEMENT  l.5kc  ov«r  5ke  ■ 0.70  db/kyd 
SEA 

DATE  STATE  LOCATION 

A II-  17-52  2+  6 


FREQUENCY  IN  kc 


Fig.  9 - Total  transmission  loss  from 
1 kyd  to  40  kyds  for  locations  6 and  10 


Fig.  10  - Total  transmission  loss 
from  1 yd  to  40  kyds  for  locations 
6 and  9 


NOTE:  IMPROVEMENT  l.5kc  over-5kc«  0.88  db/kyd 


DATE  STATE  LOCATION 
A 11-17-52  2+  6 

O 11-20-52  1+  10 


FREQUENCY  IN  kc 
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Leakage  Out  of  Surface-Bounded  Channels 

The  total  transmission  loss  between  1000  yards  and  40  kyds  as  plotted  in  Fig.  5,  can 
be  broken  down  into  spreading  loss,  absorption,  and  scattering  of  energy  out  of  the  channel. 
Cylindrical  spreading  (10  log  R)  was  assumed  beyond  a range  of  1000  yards.  Absorption 
loss  was  again  obtained  from  the  extrapolated  curves  shown  in  Fig.  7,  using  the  proper 
temperature  for  each  channel.  After  subtracting  spreading  and  absorption  from  the  total 
transmission  loss  the  remainder  was  assumed  to  be  due  to  leakage.  The  leakage  out  of 
a channel  is  believed  to  be  due  to  scattering  from  the  surface  and  by  diffraction.  Figure 
11  is  a plot  of  «l,  the  loss  due  to  leakage,  against  frequency  on  a linear  scale.  The 
increase  of  ql  with  increasing  frequency  is  to  be  expected  since  the  shorter  waves  are 
scattered  more  by  a rough  surface.  The  loss  by  diffraction  should  increase  with  decreas- 
ing frequency,  but  this  effect  is  not  apparent  from  the  data.  At  still  lower  frequencies 
this  effect  is  more  pronounced  as  shown  by  Officer.1  Both  sea  state  and  channel  depth  have 
an  effect  on  leakage,  the  curve  for  location  4,  where  the  sea  state  was  1 and  the  channel 
depth  220  feet  shows  the  lowest  leakage  loss.  Although  the  leakage  loss  is  not  the  same 
for  the  three  locations,  the  curves  are  approximately  parallel.  A value  for  channel  leak- 
age at  10  kc,  when  a 220-foot  channel  and  sea  state  1 existed,  falls  on  the  curve  for 
location  4.  This  data  was  obtained  in  the  Carribean  in  1951. 


CHANNEL  SEA 

DATE  DEPTH  STATE  LOCATION 
a 11-13-52  220'  1+  4 

® 11-18-52  150'  2+  7 

• 11-19-52  120'  1+  9 

V JULY-51  220'  1+ 

(Gtmo.) 

>% 

s 
x> 

T3 


o 


I 2 3 4 5 6 

FREQUENCY  IN  kc 

Fig.  1 1 - Channel  leakage  vs.  frequency 

J Officer.  C.  B.,  “Sound  Transmission  in  the  Surface  Isothermal  Channel.  Part  II  - 
Experimef-ta f Measurements."  WHOI  Report  No.  52-18  (Confidential)  March  1 953.  See 
also  .Leonard,  R.  W.,and  Wilson,  O.  B.,  "Absorption  of  Ultrasonic  Waves  in  Aqueous 
Solutions  o!  Magnesium  Suifate,"  Univ.  of  Calif,,  Dept,  of  Physics,  Tech.  Rept.  No.  4. 
Contract  Nbonr  - 27547 , June  1951. 
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Sound  Energy  Distribution  in  Depth 

On  several  stations  at  each  operating  location,  groups  of  ten  pulses  for  several 
combinations  of  transducer  depths  were  sent  from  each  ship,  received,  and  recorded. 
Results  show  the  optimum  location  for  source  and  receiver  to  be  in  the  top  fifty  feet 
of  the  channel,  in  the  range  5 to*20  kyds.  Transducer  depth  was  not  varied  at  ranges 
of  less  than  5 kyds.  In  most  cases  the  signals  Were  below  the  noise  tevel,  at  the 
receiving  transducers  in  the  bottom  half  of  the  channel  at  range  greater  than  20  kyds. 
Figure  12  shows  a plot  of  received  signal  level  against  h/H  where  h is  the  receiver 
depth  and  H is  the  channel  depth.  The  source  was  between  30  and  50  feet.  The  data 
showed  no  dependence  on  frequency  for  distributions  of  energy  within  the  channel. 

In  shallow  water  the  distribution  of  energy  was  observed  to  be  practically  uniform 
between  the  surface  and  the  bottom  beyond  5000  yards. 


RANGE  9-12  kyd 
h -HYDROPHONE  DEPTH 
H* CHANNEL  DEPTH 


Fig.  12  - Energy  distribution 
vs.  depth  in  the  channel 


O NORMAL  INCIDENCE 
x INCIDENCE  ANGLE  38° TO  81° 


u 1.5  2 2.5  3 4 5 


cr 

FREQUENCY  IN  kc 

Fig.  13  - Bottom  reflection  L ss 
vs.  frequency 


Bottom  Reflection  Loss 

Sound  pulses  reflected  from  the 
bottom,  directly  beneath  the  transmit- 
ting ship, were  received  on  all  deep- 
water stations.  Samples  of  these 
pulses  can  be  seen  on  the  recorder 
trace  for  the  ALLEGHENY  in  Fig.  3. 

In  most  cases  these  pulses  were  well 
above  the  reverberation,  and  their 
levels  could  be  read.  To  calculate 
the  loss  due  to  reflection  from  the 
bottom,  spherical  divergence  loss  and 
absorption  were  subtracted  from  the 
level  of  the  outgoing  pulse,  and  the 
received-pulse  level  then  subtracted 
from  this  figure.  Absorption  was 
assumed  to  be  0. 01fa,  * which  is  proba- 
bly too  great  a value;  but  since  the 
temperature  profile  and  the  effects  of 
pressure  are  not  accurately  known,  it 
was  impossible  to  give  an  accurate 
value  for  absorption.  The  reflection 
loss  from  normal  incidence  (assuming 
a flat  bottom  for  the  small  area  beneath 
the  ship)  was  small  for  all  frequencies, 
and  only  slightly  dependent  upon  fre- 
quency. Average  values  of  reflection 
coefficient  are  plotted  against  frequency 
in  Fig.  13.  The  positive  reflection 
coefficient  shown  for  1 . 5 kc  may  be  in 
error  and  can  be  partially  explained  by 
a possible  error  in  the  transducer 
calibration  at  this  frequency.  It  should 
also  be  noted  that  there  was  a wide 
fluctuation  in  received  pulse  levels  and 
the  points  are  average  peak  values. 

in  frequency,  kc 


CONFIDENTIAL 
SECURITY  INFORMATION 


CONFIDENTIAL 


NAVAL  RESEARCH  LABORATORY 


13 


At  long  ranges,  transmitted  pulses  were  received  both  by  the  direct  and  the  bottom- 
reflected  paths,  as  can  be  seen  on  the  recorder  trace  for  the  ALBATROSS  in  Fig.  3.  By 
the  geometry  of  the  situation,  bottom- reflected  pulses  were  received  whose  angles  of 
incidence  on  the  bottom  were  included  between  38  and  81  degrees.  In  computing  the  trans- 
mission loss  via  the  bottom-reflected  path,  spherical  divergence  was  assumed.  To 
calculate  the  total  absorption  loss  over  this  path,  0.  Olf2  in  db/ky  was  used.  It  is  probable 
that  the  values  obtained  by  using  0.  Olf 8 include  some  of  the  loss  incurred  when  sound  is 
reflected  from  the  bottom.  The  data  indicates  that  it  gives  a maximum  value,  for  If  a 
higher  value  is  used  the  bottom  shows  a positive  reflection  coefficient.  Figure  13  shows 
the  effects  of  frequency  on  coefficient  of  reflection.  Each  point  on  the  curve  is  the  average 
of  approximately  one  thousand  pulses  spread  over  incident  angles  between  38  and  81  degrees. 
Figure  14  shows  the  coefficient  of  reflection  plotted  against  incident  angle  for  all  frequencies. 


a: 

Fig.  14  - Bottom  reflection  loss  vs.  incident  angle 


The  small  dependence  of  reflection  loss  on  frequency  and  incident  angle,  appears 
to  be  real.  The  average  values  plotted  in  Figs.  13  and  14  are  not  appreciably  different 
for  the  same  plots  made  for  individual  locations.  Omnidirectional  transducers  were 
used  and  large  areas  of  the  bottom  contributed  to  the  reflected  pulses.  Measurements 
made  in  the  Carribean  and  in  the  Key  West  area  in  1951  and  1952,  with  a directional 
transducer  operating  .at  10  kc,  showed  bottom  reflection  loss  of  11  db.  In  order  to 
investigate  further  the  possibilities  of  echo  ranging  by  way  of  the  bottom  reflected  path, 
it  is  desirable  to  make  measurements  of  bottom  reflection  loss  in  the  frequency  range 
1 to  5 kc  using  high  power,  and  directional  transducers. 


OBSERVATIONS  AND  DISCUSSIONS 

The  difference  in  transmission  loss,  over  reciprocal  paths  was  small,  averaging 
less  than  1 db.  At  long  ranges,  the  highest  concentration  of  energy  was  found  to  be  in 
the  upper  fifty  feet  of  a channel  for  any  source  uepth  provided  that  the  source  was  within 
the  channel. 
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A submerged  channel  was  indicated  by  bathythermograms  at  two  stations.  An 
effort  was  made  to  measure  transmission  loss  in  these  channels,  but  results  were 
inconclusive.  The  submerged  channels  were  very  narrow  and  did  not  persist  to  long 
ranges. 

The  average  difference  in  transmission  loss  of  23  db  between  5 and  1.  5 kc  over  a 
range  of  40  kyds  is  significant,  and  indicates  that  echo-ranging  equipment  operating  in 
the  vicinity  of  1 kc  should  give  very  long  range  detection  in  surface-bounded  channels. 
Echo  ranging  by  way  of  the  bottom-reflected  path  when  surface-bounded  channels  do  not 
exist  is  a promising  possibility  at  low  frequencies.  More  data  is  needed  before  definite 
conclusions  can  be  reached.  When  a transducer  capable  of  giving  a high  source  level 
and  some  directivity  becomes  available,  this  information  will  be  obtained. 
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1.  Reference  (a)  is  a report  on  the  results  of  propagation  measurements  in  the 
development  of  the  5-kc  long-range  search  sonar,  a phase  in  the  decrease  of  the 
operating  frequencies  of  sonars  following  World  War  n.  The  major  frequency  of 
sonars  during  World  War  II  was  25  kHz.  The  research  and  development  at  NRL 
following  the  war  progressed  to  10  kHz,  5 kHz,  and  2 kHz.  This  report  discusses  the 
parameters  to  be  considered  in  this  process.  This  report  discusses  the  design, 
configuration  and  performance  of  the  5-kc  system. 


2.  The  technology  and  design  of  this  development  have  long  been  superseded.  The 
current  value  of  this  report  is  historical. 


3.  Reference  (a)  was  declassified  by  reference  (b). 


4.  Based  on  the  above,  it  is  recommended  that  reference  (a)  be  released  with  no 
restrictions. 
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